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ABSTRACT 

The approach t o  high l a t i t u d e  si tes w i l l  have an 
azimuth t o  t h e  sun,  first due t o  t h e  high i n c l i n a t i o n  of t h e  
t r a j e c t o r y  and second due t o  the azzimu€h of t he  sun l i n e  t o  a 
l i n e  of l a t i t u d e ,  g iv ing  rise t o  improved landing  v i s i b i l i t y  
t han  t h a t  of e q u a t o r i a l  sites. F u r t h e r ,  t h e  range of sun 
e l e v a t i o n s  over which good v i s i b i l i t y  extends w i l l  a l low more 
launch o p p o r t u n i t i e s  and t h e  p o s s i b i l i t y  of us ing  a s i t e  as  
i t s  own recyc le  si te.  

I t  i s  concluded t h a t  from t h e  p o i n t  of view of 
v i s i b i l i t y  a lone 

(a) s i tes  w i t h  l a t i t u d e s  g r e a t e r  than 20° can be 
t a r g e t e d  f o r  t h e  f irst  day ( luna r  dawn) and any subsequent 
day u n t i l  glare becomes a problem and 

(b) sites w i t h  l a t i t u d e s  less than  20°  can be t a r g e t e d  
fo r  on t h e  first day, depending on t h e  l a t i t u d e  on t h e  second 
day, and then  on t h e  f i f t h  day and subsequent u n t i l  g l a r e  
becomes a problem. 

Since these conclusions of fe r  t h e  p o s s i b i l i t y  of 
opening up t h e  l i g h t i n g  band and '-4ie lauzch windows, t h e  
impact of o t h e r  factors, such as thermal ,  should be examined. 
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MEMORANDUM FOR F I L E  

In t roduc t ion  

Curren t ly  t h e  Apollo Program recognizes  t h e  fol-  
lowing l i g h t i n g  c o n s t r a i n t  f o r  e q u a t o r i a l  l andings  v i z .  5' 
t o  1 4 O  and 18' t o  20'. T h i s  c o n s t r a i n t  arose from t h e  f o l -  
lowing cons ide ra t ions  : 

(a) 7' w a s  considered t h e  lowest sun angle  t o  avoid 
excess ive  shadowing ( l a t e r  Apollo 8 and 1 0  photographs allowed 
t h i s  l i m i t  t o  be moved t o  5'). 

(b )  The moon rotates 13' between launch o p p o r t u n i t i e s  
(%25 hours)  and t o  ensure  t h a t  a s i te  w a s  available f o r  a t  
least  one day a month t h e  window had t o  be 13' wide, i .e.,  
7'-20'. 

(c) S i n c e  t h e  f l i g h t  path angle  of t h e  LM w a s  approxi- 
mately 16 ' ,  a sun e l e v a t i o n  of 16' could lead t o  zero phase 
cond i t ions  and washout hence a s m a l l  band around 1 6 O ,  i .e . ,  
1 4 O  t o  18', w a s  e l imina ted .  

These factors led t o  t h e  assumption of t h e  5' t o  
14' and 18' t o  2 0 5  constraint .  

It  i s  w e l l  known t o  s t u d e n t s  of t h e  luna r  photometr ic  
func t ion  t h a t  scene c o n t r a s t  remains  high as one approaches 
ze ro  phase and washout f r o m  t h e  low side s i n c e  shadows can be 
seen u n t i l  t h e  l a s t  moment. Above t h e  zero  phase p o i n t  (sun 
above t h e  observer )  no shadows can be seen. F u r t h e r ,  i n  t h i s  
reg ion  t h e  photometr ic  c o n t r a s t  i s  very very low and the ra te  
of i n c r e a s e  of c o n t r a s t  w i t h  phase angle  i s  about 1 /50  of t h a t  
i n  t h e  case of sun angles  less than t h e  viewing angle .  Thus a 
5 O  t o  13' c o n s t r a i n t  leads t o  e x c e l l e n t  photometr ic  c o n t r a s t  
and shadows while  an 18' t o  20' c o n s t r a i n t  leads t o  extremely 
poor c o n t r a s t  - nea r ly  washed out .  Apollo 8 and 1 0  crews have 
made s ta tements  say ing  t h a t  washout " w a s  n o t  a l l  t h a t  bad" and 
they  could see detai ls .  T h i s  i s  t r u e ,  s i n c e  aibedo chaiiges are 
n o t  effected by ze ro  phase and thus  f resh craters w i t h  h igh 
albedo r ays  w i l l  provide scene contrast  i n  t h i s  reg ion  (18' t o  
20'1, however, older subdued c r a t e r s  w i t h  no albedo change w i l l  
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be e s s e n t i a l l y  i n v i s i b l e  even thougn they  con ta in  s l a p s  which 
w i l l  be hazardous for  landing. F i n a l l y ,  it i s  also w e l l  known 
that poor c o n t r a s t  cond i t ions  nea r  ze ro  phase can be g r e a t l y  
improved i f  t h e  scene can be viewed wi th  an azimuth ang le  t o  
t h e  sim l i n e .  High l a t i t u d e  sites au tomat i ca l ly  produce such 
an azimuth, f i r s t ,  from the angle of t h e  shn t o  a l i n e  of 
l a t i t u d e  and, secondly,  from the angle  of the f l i g h t  p a t h  
d i r e c t i o n  t o  a l i n e  of l a t i t u d e .  These f a c t o r s ,  t r i g g e r e d  by 
reading  R. A. B a s s '  memorandum'1) on the v i s i b i l i t y  for  high l a t i -  
t ude  si tes l e d  t o  t h e  i d e a  t h a t  high l a t i t u d e  si tes might have 
s u f f i c i e n t  scene c o n t r a s t  t o  a c t  as t h e i r  own r e c y c l e  sites. 

This memorandum c a l c u l a t e s  t h e  c o n t r a s t  f o r  t h e s e  
cond i t ions  and determines t h e  cond i t ions  under which a s i t e  
could be used as i t s  own recyc le  s i t e  f r o m  t h e  p o i n t  of view 
of v i s i b i l i t y .  I t  does n o t  consider  o t h e r  factors such as 
t h e r m a l  effects on t h e  LM. 

Calci i la t ion of Scene Cont ras t  

Scene c o n t r a s t  is a func t ion  of  

(a)  t h e  s l o p e  of local o b s t a c l e s  re la t ive  t o  t h e  background. 
H e r e  w e  assume a loo cone or crater and c a l c u l a t e  t h e  maximum 
c o n t r a s t  

(b)  t h e  sun e l e v a t i o n  " E "  a t  t h e  landing  s i t e  which i n  
t u r n  i s  a func t ion  of t h e  sun e l e v a t i o n  " S "  a t  the  equa to r  a t  
t h e  same longi tude  and t h e  l a t i t u d e  "La" of t h e  s i te .  H e r e  w e  
assume t h a t  t h e  subso la r  po in t  always l ies  on t h e  equator .  

F r o m  s p h e r i c a l  geometry 

s i n  E = cos La s i n  S 

-1 or  E: = s i n  (cos L a  s i n  S )  

(c) t h e  azimuth of t h e  viewing d i r e c t i o n  (which i s  assumed 
co inc iden t  wi th  t h e  f l i g h t  path angle)  t o  t h e  azimuth of sun . 0 can be broken up i n t o  t w o  p a r t s ,  t h e  azimuth of t h e  I t  0 I t  

f l i g h t  pa th  t o  a l i n e  of l a t i t u d e ,  01, and t h e  azimuth of t h e  

sun t o  a l i n e  of l a t i t u d e ,  02. 

Improved Lunar Landing V i s i b i l i t y  Resul t ing  from Greater 
Expected Relative Sun Azimuth f o r  High La t i tude  S i t e s  - Case 310, 
B e l l c o m m  Memorandum f o r  F i l e ,  R. A. B a s s ,  October 15, 1969 .  
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Again from s p h e r i c a l  geometry 

t a n  O2 = s i n  L a  t a n  S 

or  o2 = t a n  ( s i n  L a  t a n  

The c a l c u l a t i o n  of o1 
the trajectory. H e r e  w e  assume 

-1 
S) 

r e q u i r e s  some assumptions about 
t h a t  t h e  landing p o i n t  of t h e  

LM l i e s - u n d e r - t h e  track of t h e  CSM and f u r t h e r  t h a t  t h e  t r a c k  
of t h e  CSM a t  l i f t - o f f  l ies over t h e  LM, i .e.,  no plane,,;change 
i n  a s c e n t  or descent.* Fur ther  f o r  s i m p l i c i t y  w e  assume t h a t  
t h e  CSM made no p lane  change between descent  and a scen t .  A 
s t ay t ime  of 5 4  hours ,  i .e. ,  a sun angle  change 6 = 30' a t  t h e  
equator ,  i s  assumed. 

Then 

o r  

and 

t a n  o1 = s i n  La  t a n  6/2 

-1 O1 = t a n  ( s i n  L a  tan  6/2) 

-1 
0 = t a n  ( s i n  L a  tan  6/2) + 
The Photometric Function f r o m  which t h e  c o n t r a s t  i s  

de r ived  i s  usua l ly  s t a t e d  i n  t e r m s  of  t h e  fol lowing variables: 

and t h e  l i n e  of emission. See F igure  1. 
(a) Phase angle  a, t h e  ang le  between t h e  l i n e  of inc idence  

Froin s p h e r i c a l  geometry it can be  shown t h a t  

cos a = s i n  E s i n  y + cos E cos y cos o 
h 

where y is  t h e  viewing a n g l e ,  here assumed t o  be equal  t o  t h e  Y' 
f l i g h t p a t h  angle and having a va lue  of 16'. 

( b )  Luminance Longitude T ,  t h e  angle  between the  viewing 
l i n e  and t h e  p r o j e c t i o n  N' of t h e  s u r f a c e  normal N i n  t h e  phase 
(a) plane, can be found f r o m  t h e  s p h e r i c a l  geometry 

s i n  E cos a - - s i n  y 
s i n  a t a n  "I = 

The photometric func t ion  is  independent of t h e  Luminance 
L a t i t u d e  B which can be expressed as: 

*Bass,  i b i d . ,  d i scuss  t h e  cond i t ions  under which optimized 
trajectories dev ia t e  from t h i s  assumption. 
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COS T 
7 

1 -  - 
cos B s i n  y 

The c o n t r a s t ,  however, i s  a func t ion  of and i n c r e a s e s  as 8 
1 i n c r e a s e s  by t h e  f a c t o r  cos 

I n  F igu re  1 t h e  photometric func t ion  der ived  from 
Fedorets d a t a  (2) is shown. 

F igu re  2 i s  taken from Hamza (3)  and superimposes an 
a r b i t r a r y  d e f i n i t i o n  of regions of good, f a i r  and poor contrast  
on t h e  photometr ic  func t ion  where t h e  d i v i s i o n  between good and 
f a i r  i s  1 0 %  f o r  a l o o  s lope .  Here t h e  c o n t r a s t  c a l c u l a t i o n  i s  
based on t h e  inp lane  case, i.e.,  viewing angle ,  s u r f a c e  normal 
and sun angle  a l l  i n  t h e  same plane ,  t h e  phase plane.  

F igu re  3 p l o t s  t h e  p o s i t i o n s  f o r  a range of sun 
e l e v a t i o n s  a t  t h e  equator  of 0-90°,  and a range of l a t i t u d e s  
of 0-40°.  Here w e  can see t h a t  when t h e  sun e l e v a t i o n  a t  t h e  
equa to r  (p ropor t iona l  t o  t i m e  s i n c e  s u n r i s e  13O E 1 day) becomes 
g r e a t e r  t han  50° w e  f i n d  ourse lves  i n  a reg ion  of  t h e  photometr ic  
func t ion  where t h e  c o n t r a s t  i s  f a i r .  

Another way of d i sp lay ing  t h i s  d a t a  i s  by c o n t r a s t  
p l o t s .  W e  can o b t a i n  t h e  c o n t r a s t  of a s l o p e  § t o  t h e  background 
from 

Where 9 = 10’ 

The t e r m  cos is  added 
s l o p e  § produces a change i n  T of 

I n  F i s u r e  4 w e  p l o t  t h e  

because a s m a l l  p e r t u r b a t i o n  of 
(approximately) cos § *  . 
c o n t r a s t  of t h e  b r i s h t e s t  r a y  

of a l o o  cone a g a i n s t  its-baCkgrounG, us ing  t h e  Fedore ts ’  photo- 
metric func t ion ,  f o r  sun e l e v a t i o n s  a t  t h e  equator  of 0 t o  9 0 ° ,  
f o r  viewing angle  of 1 6 O ,  f o r  sites a t  l a t i t u d e s  of O o ,  l o o ,  2 0 ° ,  
30°, and 4 0 ° .  

,-. 
‘L’Natural  Environment and Phys ica l  Standards for the Apello 

Program and t h e  Apollo Applicat ions Program (Figure 5-4), O f f i c e  
of Manned Space F l i g h t ,  M-DE 8020.008C, J u l y  1 0 ,  1969 .  

(3)  Lunar Light ing Conditions f o r  t h e  Apollo Lunar Landing 
Mission, Be l l comm TM-66-1012-6, V.  Hamza, May 1 7 ,  1966.  

*See appendix for der iva t ion .  
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Superimposed are tne a r b i t r a r y  division tf poor, 
f a i r ,  and good c o n t r a s t  boundaries mentioned previous ly .  

Note (a)  t h a t  a l l  l a t i t u d e s  have e x c e l l e n t  c o n t r a s t  
for  sun e l e v a t i o n s  less than  the  viewing angle ,  

(b) t h a t  a l l  l a t i tudes  have f a i r  t o  good c o n t r a s t  f o r  

dc) 

sun e l e v a t i o n s  g r e a t e r  than 6 0 ° ,  and 

t r a s t  f o r  a l l  sun e l e v a t i o n s .  
t h a t  l a t i t u d e s  above 20' have f a i r  t o  good con- 

Conclusions 

Therefore ,  it i s  concluded t h a t  cons ide ra t ion  should 
be given t o  us ing  a s i t e  a s  i ts  own recyc le  s i t e  and s p e c i f i c a l l y  
from t h e  p o i n t  of view of l i g h t i n g  

f o r  t h e  f irst  day ( c u r r e n t  c o n s t r a i n t  5' t o  13') and any 
subsequent  day u n t i l  direct  incidence of t h e  sun on t h e  win- 
dows ( g l a r e )  becomes a problem. 

(a) sites wi th  l a t i t u d e s  g r e a t e r  than 20' can be t a r g e t e d  

(b) sites wi th  l a t i t u d e s  less than 20° can be t a r g e t e d  f o r  
on t h e  f i r s t  day, depending on t h e  l a t i t u d e  on t h e  second 
day and then on t h e  f i f t h  day and subsequent u n t i l  glare 
becomes a problem. 

Since t h e s e  cons idera t ions  o f f e r  t h e  p o s s i b i l i t y  of 
opening up the l i g h t i n g  band and t h e  launch o p p o r t u n i t i e s ,  the 
impact of o t h e r  factors should be examined, e.g. ,  thermal  effects 
and mission AV requirements.  

20 15-DBJ-bab a& D. B. James 

A t t a c h m e n t s  
F igu res  1-4 
Appendix 
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APPENDIX 

Der iva t ion  of c o n t r a s t  c o r r e c t i o n  f a c t o r  l / cos  B 

Consider a 
geometry: 

cone w i t h  c e n t r a l  angle  5 w i t h  t h e  fol lowing 

P r o j e c t i n g  s u r f a c e  normal with the phase p lane  r e s u l t s  

semi-major a x i s  t a n  5 
and semi-minor a x i s  t a n  § cos B 

i n  an e l l i p s e  w i t h  

Rota t ing  t h e  coord ina tes  through an angle  T r e s u l t s  i n  
t h e  fo l lowing  geometry : 

where t h e  coord ina tes  of P a p o i n t  on t h e  e l l i p s e  a r e  

xp = cos - t a n  5 cos 8 s i n  e 

Yp = t a n  9 cos 8 

t a n  5 cos e 
tan A T  = cos B 11-tan 5 s i n  e ]  hence 

d i f f e r e n t i a t i n g  and equat ing  t o  zero t o  determine  AT^^^ g i v e s  
t h e  cond i t ion  

t a n  0 = s i n  0 



. 

and 

- A-2 - 

- t an  5 - 
max t a n  A T  

cos 8 {l-tan’ 5 

r \ , =  ’ for s m a l l  5 .  max - cos B A T  


